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Since its introduction more than four decades
ago, carotid endarterectomy (CEA) has become the
most frequently performed peripheral vascular oper-
ation in this country.1 In view of the rapid aging of
our population, the disproportionate prevalence of
ischemic stroke among older individuals, and the
confirmation of its efficacy in several randomized
clinical trials, it is anticipated that the number of
elderly candidates for CEA may substantially
increase in the future.2,3 However, previous com-
munity-wide studies have suggested that advanced
age impacts adversely on the outcome of CEA,4-6
and NASCET and ACAS specifically excluded very
elderly patients from randomization.2-3 The current
study was therefore undertaken to examine the
influence of patient age, as well as hospital surgical
volume, on the outcome of CEA across an entire
state in contemporary practice.
PATIENTS AND METHODS
An algorithm was developed to identify CEAs
performed electively as the primary therapeutic pro-
cedure. The computerized records of the Johns
Hopkins Hospital (casemix database) were searched
using the International Classification of Diseases,
9th Revision, Clinical Modification (ICD-9-CM)
procedure code 38.12, (endarterectomy of vessels of
the head and neck other than intracranial vessels).7
All 149 hospital charts corresponding to procedures
performed in 1993 and 1994 were reviewed. Only
114 of these cases were electively admitted CEAs;
the remainder were either combined or staged CEA-
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cardiac surgical procedures, transfers from other
hospitals, emergency procedures, or coding errors.
Combining the search code 38.12 with the addi-
tional criteria: (1) 38.12 had to be in the primary
procedural position and not in any secondary posi-
tion; (2) the presence of diagnosis code 433. with
any fourth digit (occlusion/stenosis, precerebral
artery); and (3) the presence of diagnostic related
group (DRG) 5 (extracranial vascular procedure)
yielded the correct 114 cases. Elimination of any of
these additional criteria yielded additional inappro-
priate procedures. The validity of these methods was
then tested by examining all CEAs performed at the
Johns Hopkins Hospital from 1985 through 1994.
This algorithm identified 468 cases among 612
found using the solitary code 38.12. A 10% random
sample of these 468 cases was reviewed and all were
found to be appropriate.
Having established the validity of this algorithm
in the authors’ institution, the data for this study
were derived by applying it to the Maryland Health
Services Cost Review Commission (MHSCRC)
database, which records every discharge from all
nonfederal short-stay hospitals throughout the state,
documenting patient age and other demographic
variables including medical complexity graded 1-4,
length of hospital stay, hospital charges, and ICD-9-
CM codes for as many as five diagnoses and three
procedures. The medical complexity score is deter-
mined by a proprietary software package of the
MHSCRC, which performs a stepwise quantitative
and qualitative analysis of the severity level of the
primary and secondary diagnoses in each case. In-
hospital death was determined from the MHSCRC
mortality field, and in-hospital stroke was defined by
the ICD-9-CM code 997.0, “surgical complication,
central nervous system,” as previously described.8
The records of all elective CEAs performed at the
Johns Hopkins Hospital in 1993 and 1994 were also
examined to validate the accuracy of adverse out-
come identification in this study. All perioperative
deaths and strokes identified in the MHSCRC data-
base were confirmed, and no other patients who
underwent operation at this institution during 1993
and 1994 experienced perioperative stroke or death.
Statistical analysis was performed on discrete
variables with c2 analysis, and all other data were
analyzed with the Kruskal-Wallis or Mann-Whitney
tests (Statview 4.53, Abacus Concepts, Berkeley,
Calif.). Post-hoc comparisons were performed with
Fisher’s protected least significant difference,
Bonferroni, and Scheffé’s post hoc tests, using
analysis of variance as an approximation of the
Kruskal-Wallis test as a result of the large sample
size. In all such cases, the analysis of variance and
Kruskal-Wallis tests, as well as post-hoc tests, gave
mathematically identical results. All comparisons
were two-tailed, with statistical significance deter-
mined as p values less than 0.05.
RESULTS
From January 1990 through December 1995,
9918 elective CEAs were performed in 48 hospitals
in Maryland at a total cost of $68.9 million. The
patients ranged in age from 34 to 92 years (mean,
69.2 ± 8.7 years) and were less than 65 years of age
in 27.0%, 65 to 69 years in 21.0%, 70 to 79 years in
41.4%, and 80 years or greater in 10.4% of the cases
(Table I). The patients were defined as medical com-
plexity level 1 in 5040 (50.8%), level 2 in 3478
(35.1%), level 3 in 1079 (10.9%), and level 4 in 321
(3.2%) of the cases. As noted in Table I, medical
complexity increased in a linear fashion, and signifi-
cantly, with advancing age.
Postoperative deaths and strokes were recorded
in 90 (0.9%) and 166 (1.7%) cases, respectively, and
were unrelated to age: 0.8% and 1.7%, 0.9% and
1.6%, 0.9% and 1.8%, and 1.4% and 1.3% (p = 0.46
and 0.65) for patients less than 65 years, 65 to 69
years, 70 to 79 years, and 80 years of age or greater,
respectively (Table II). Conversely, the postoperative
mortality and stroke rates increased significantly
among patients who were classified as medical com-
plexity 3 or 4 (Table II).
The mean ± SEM total hospital charge for all
cases was $6947 ± $56. As seen in Table III, hospi-
tal charges increased in a linear fashion with increas-
ing age and were significantly higher among patients
greater than 70 years of age, correlating with a
longer length of stay (LOS) experienced by the older
cohort. The mean ± SEM LOS for all cases was 4.6
± 0.05 days and increased progressively with advanc-
ing age (Table III). This probably reflected increas-
ing comorbidity, as reflected by a significant increase
in medical complexity score with advancing age
(Table I), because there was a very significant
increase in hospital LOS and charges among these
sicker individuals (Table III).
The mean number of CEAs performed per hos-
pital over the study period was 207 (range, 1 to
709). The 48 hospitals were arbitrarily stratified into
low-volume (²10 cases/year; n = 12), moderate-vol-
ume (11 to 49 cases/year; n = 24), and high-volume
($50 cases/year; n = 12) institutions (Table IV).
Only 214 procedures (2%) were performed in the 12
low-volume hospitals. Conversely, 5615 operations
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(57%) were performed in the 12 high-volume and
4089 (41%) in the 24 moderate-volume institutions.
There was an inverse correlation between hospital
surgical volume and mortality rate: 1.9% in low-vol-
ume, 1.1% in moderate-volume, and 0.8% in high-
volume institutions (p = 0.079). The neurologic
complication rate was significantly higher in low-vol-
ume institutions (6.1%; p < 0.001) when compared
with moderate-volume (1.3%) and high-volume
(1.8%) institutions. The mean ± SEM patient com-
plexity level in the low-volume hospitals (1.76 ±
0.06) was not significantly different from that noted
in the moderate-volume (1.70 ± 0.01) and high-vol-
ume (1.64 ± 0.01) institutions. In addition, as noted
in Table V, mean hospital charges were significantly
lower in high-volume institutions when compared
with low-volume and moderate-volume hospitals.
This reflected a significant inverse correlation
between hospital volume and LOS (Table V).
Finally, as noted in Table VI, there has been pro-
gressive growth in the performance of this operation
over the past 6 years, with 27% of the procedures
performed during the last 1 year and nearly half of
the operations during the last 2 years of the study. As
noted on Table VI, the mean age of patients who
underwent CEA in Maryland increased progressive-
ly over the 6-year period. Patients who underwent
operation in 1995 were significantly older than
those who underwent operation in 1990 through
1993 (p < 0.05). Despite this age increase, the oper-
ative mortality and stroke rates did not significantly
change over this time interval. Furthermore, there
was a progressive decline in the LOS from 1990
through 1995. As noted in Table VI, the mean hos-
pital LOS in 1995 was more than 2 days shorter
than in 1990 (p < 0.0001). Although total charges
increased from 1990 through 1994, the annual rate
of increase was only 4.4%, and in fact a decline in
mean total charges of 4.4% was observed between
1994 and 1995. Despite this most recent reduction
in charges and the progressive decline in hospital
LOS realized during this period, total charges in
1995 were still significantly higher than in 1990 (p =
0.0076), consistent with overall economic inflation.
DISCUSSION
The elderly represent the fastest growing seg-
ment of our population and consume a dispropor-
tionate fraction of our health care resources.9-12
Stroke is a particularly important health care issue
among older individuals because its prevalence and
morbidity increase exponentially with advancing
age.13 It has been estimated that the financial bur-
den of stroke among those over the age of 80 years
exceeds $3 billion per year in this country.14-15
Although it would therefore appear that CEA
should play a prominent role in the management of
carotid artery disease in this population, previous
studies have indicated that performance of this pro-
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Table I. Patient age and medical complexity
No. of Medical 
Age patients complexity
(yr) (%) (mean ± SEM)
<65 2694 (27.1%) 1.56 ± 0.01
65 to 69 2082 (21.0%) 1.65 ± 0.02*
70 to 79 4106 (41.4%) 1.70 ± 0.01†
³80 1036 (10.4%) 1.83 ± 0.03‡
*p < 0.0001 vs <65 years.
†p < 0.0001 vs <70 years.
‡p < 0.0001 vs others.
Table II. Postoperative deaths/strokes by age and
medical complexity
Deaths (%) Strokes (%)
Age (yr)
<65 22 (0.8) 46 (1.7)
65 to 69 18 (0.9) 33 (1.6)
70 to 79 36 (0.9) 74 (1.8)
>80 14 (1.4) 13 (1.2)
Complexity score
1 7 (0.07) 23 (0.46)
2 3 (0.09) 23 (0.66)
3 21 (1.9)* 71 (6.6)*
4 59 (18.4)* 49 (15.3)*
*p < 0.0001 vs lower complexity level.
Table III. Hospital charges and LOS
Charges LOS 
($; mean ± SEM) (days; mean ± SEM)
Age (yr)
<65 6550 ± 99 4.2 ± 0.09
65 to 69 6834 ± 126 4.4 ± 0.10
70 to 75 7059± 86* 4.8 ± 0.08†
³80 7756 ± 198‡ 5.6 ± 0.18‡
Complexity score
1 5470 ± 39 3.6 ± 0.04
2 6929 ± 67§ 4.4 ± 0.07§
3 10,183 ± 221§ 7.3 ± 0.20§
4 19,445 ± 916§ 14.6 ± 0.70§
*p = 0.0002 vs <65 years.
†p < 0.05 vs <70 years.
‡p < 0.0001 vs others.
§ p < 0.0001 vs lower complexity levels.
cedure in elderly patients is associated with unac-
ceptably high operative risk. In a study of CEAs per-
formed in 1302 Medicare beneficiaries, for example,
the operative stroke and mortality rates were 6.4%
and 3.4%, respectively.6 In another analysis of CEA
performed in 2089 Medicare patients in New
England in 1984 and 1985, patients aged 75 to 79
years experienced nearly three times the mortality
(3.2%), and those 80 years and older more than four
times the mortality (4.7%), of those between the
ages of 65 and 69 years (1.1%).4 The estimated inci-
dence of perioperative stroke also increased signifi-
cantly with advancing age.4 A more recent study of
CEA among Medicare beneficiaries also demonstrat-
ed a correlation between age and operative mortali-
ty rate.5 It is not surprising, therefore, that the rate
of CEA among the Medicare patient population
declined from 20.6 to 14.2 per 10,000 from 1985
to 1989 and remained relatively stable through the
early 1990s.6
Conversely, in a report of 1160 CEAs performed
for symptomatic disease at 12 academic medical cen-
ters, Goldstein et al.16 reported no increased inci-
dence of perioperative stroke or death among
patients aged 75 years or older. Furthermore,
numerous studies from individual institutions,
including the authors’, have consistently document-
ed excellent results when CEA is performed in indi-
viduals with a minimum age of 75 or 80.17-24 It has
been argued by some, however, that individual insti-
tutional reports may not reflect the community-wide
experience in the performance of this or other spe-
cialized surgical procedures.4,25-27 Although this
criticism may have been valid historically, the results
of the current study clearly challenge that percep-
tion. Our data demonstrate that within the state of
Maryland, the operative mortality rate was unrelated
to patient age even though we documented that
medical complexity increased significantly with
advancing age.
On the other hand, hospital charges among
patients who underwent elective CEA increased pro-
gressively with increasing age and closely correlated
with hospital LOS (Table III). This probably reflect-
ed the greater medical comorbidity among the older
patient cohorts because, as noted on Table III, there
was a direct and very significant relationship
between medical complexity class and LOS/charges.
These observations are not unexpected. A study of
CEA in the state of Tennessee, for example, noted a
significant relationship between the extent of preex-
isting conditions and hospital charges.8 Similarly, in
a very recent report from the authors’ institution it
was noted that although advanced age did not
adversely impact on operative results, it clearly
impeded recent efforts to reduce the duration of
hospitalization after CEA.18 It seems clear that
although the majority of elderly patients are being
discharged in a very timely fashion after CEA in con-
temporary practice, in the occasional patient minor
complications or confounding social constraints
more frequently encountered among the very elder-
ly, but not necessarily related to the CEA procedure,
may result in slightly longer postoperative hospital
courses. These observations do not mitigate against
the benefit of CEA in reducing the incidence of
stroke, but should be considered when formulating
critical pathways and other strategies intended to
reduce the costs of CEA.28-30
It has been suggested by some that surgical out-
come may be optimized by the regionalization of
specialized care, that is, concentrating cases in insti-
tutions in which sizeable numbers of procedures are
performed.31 The results of previous CEA studies
have been conflicting in this regard. Hsia et al.5
reported a higher operative mortality rate in low-
volume hospitals, whereas an adverse impact of low
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Table IV. Hospital CEA volume
No. of No. of No. of
hospitals (%) cases cases per year
High volume
2 (4.2) ³600 ³100
4 (8.3) 480-599 80-99
3 (6.2) 360-479 60-79
3 (6.2) 300-359 50-59
Moderate volume
3 (6.2) 240-299 40-49
6 (12.5) 180-239 30-39
9 (18.8) 120-179 20-29
6 (12.5) 60-119 10-19
Low volume
12 (25) ²60 ²10
Table V. Operative results by hospital volume
Medical Charges LOS 
complexity ($; mean (days; mean
Volume (mean ± SEM) ± SEM) ± SEM)
High 1.64 ± 0.01 6294 ± 66 4.22 ± 0.06
Moderate 1.70 ± 0.01 7797 ± 97* 5.14 ± 0.08*
Low 1.76 ± 0.06 7824 ± 401† 6.25 ± 0.50*‡
*p < 0.0001 vs high volume.
†p = 0.0004 vs high volume.
‡p = 0.0045 vs moderate volume.
hospital surgical volume was not confirmed in an
analysis of CEA performed in 16 hospitals in the
greater Cincinnati area,32 or in a review of 11,199
CEAs performed in Tennessee from 1979 through
1988.8 The current study suggests that regionaliza-
tion of CEA has occurred to a degree within
Maryland. Only 2% of the CEAs were performed in
the 12 hospitals that were characterized as low-vol-
ume institutions, whereas more than half of the pro-
cedures were performed in the 12 high-volume hos-
pitals. This observation is in contradistinction to the
report of Hsia et al.,5 which noted that 45% of CEAs
in the Medicare population were performed in hos-
pitals at which fewer than 10 of these operations
were performed in Medicare beneficiaries annually.
The combined perioperative stroke and mortality
rates of 1.7% and 0.9%, respectively, in this state are
superior to that reported in previous community-
wide analyses8,32,33 and may reflect this trend
toward regionalization, with increasing numbers of
cases performed by the growing number of well-
trained vascular surgical specialists in these institu-
tions, consistent with recently documented national
trends.1 Although our data indicate that CEA may
be performed with acceptable safety in the majority
of Maryland hospitals, it is also clear that optimal
results have been achieved in the high-volume insti-
tutions. There was an inverse correlation between
hospital caseload and operative mortality rate, and a
significantly higher neurologic complication rate
(6.1%; p < 0.0001) in low-volume, when compared
with moderate-volume (1.3%) and high-volume
(1.8%) hospitals. These observations could not be
explained by patient selection because the medical
complexity score of patients who underwent opera-
tion in low-volume institutions was not significantly
different from that in high-volume and moderate-
volume hospitals. Furthermore, in this era of
increasing cost consciousness, we found that hospi-
tal charges were significantly lower in high-volume
hospitals when compared with moderate-volume
and low-volume institutions, reflecting a significant-
ly inverse correlation between hospital volume and
LOS (Table V).
Several other observations in this study deserve
comment. First, we noted progressive growth in the
performance of CEA in Maryland over the study
interval. In a recent review of the National Hospital
Discharge Survey database, a dramatic increase in
the performance of CEA occurred in 1992.34 We
believe this reflects renewed confidence in the safe-
ty and efficacy of the procedure in view of the pub-
lication of important randomized trials, and possi-
bly the aging of our population as noted above. As
seen on Table VI, the mean age of patients who
underwent CEA in Maryland increased each year of
the study. In fact, in 1995 the 2679 patients who
underwent CEA in Maryland were significantly
older than the 5484 patients who underwent oper-
ation from 1990 through 1993 (p < 0.05). More
than 40% of the procedures in the state over the
past 5 years were performed in individuals between
the ages of 70 and 79 years. Despite the significant
aging of the population undergoing operation, the
combined operative mortality and neurologic com-
plication rate remained stable throughout the study
period. On the other hand, we observed a progres-
sive decline in the hospital LOS during the 6 years
of this experience, so that in 1995 the mean LOS
statewide was more than 2 days shorter than in
1990 (p < 0.0001). Although charges increased
modestly from 1990 through 1994, we actually
observed a 4.4% decline in mean charges from 1994
to 1995. We believe that this decline reflects the
broad implementation of cost-saving strategies,
such as the routine performance of diagnostic pro-
cedures in the outpatient setting, same-day admis-
sion for surgery, the use of postoperative critical
pathways, and other initiatives as described by oth-
ers.28,35,36
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Table VI. Annual caseload and operative results
Year No. of Age No. of No. of Charges LOS
cases (%) (yr; mean ± SEM) deaths (%) strokes (%) ($; mean ± SEM) (days; mean ± SEM)
1990 1121 (11.3) 68.5 ± 0.27 13 (1.2) 16 (1.4) 6300 ± 177 5.99 ± 0.18
1991 1360 (13.7) 68.8 ± 0.23 15 (1.1) 24 (1.8) 6576 ± 154 5.44 ± 0.15
1992 1492 (15.0) 68.7 ± 0.23 18 (1.2) 19 (1.3) 6733 ± 131 4.96 ± 0.13
1993 1511 (15.2) 69.1 ± 0.22 14 (0.9) 29 (1.9) 7187 ± 139 4.76 ± 0.12
1994 1755 (17.7) 69.5 ± 0.21 9 (0.5) 33 (1.9) 7409 ± 149 4.44 ± 0.11
1995 2679 (27.0) 69.8 ± 0.17 21 (0.8) 45 (1.7) 7086 ± 101* 3.58 ± 0.07†
*p = 0.0076 vs 1990.
†p < 0.0001 vs 1990.
Although the mechanism of data acquisition in
this study afforded the opportunity to examine the
results of a large number of CEAs across a broad
spectrum of medical practice, it conveyed some lim-
itations. First, specific arteriosclerotic risk factors in
the patients who underwent operation were not
extracted. However, the medical complexity score
provided an overall assessment of comorbidity and
severity of illness and in fact provided more infor-
mation with respect to associated illnesses than was
available in another large community-wide study of
CEA in elderly patients.4 Second, the symptomatic
indications for operation were not available. Third,
the outcomes were hospital-specific and not sur-
geon-specific. Fourth, the method of case identifica-
tion excluded emergent/urgent operations, which
may have contributed to the more favorable results
noted in this study when compared with previous
reports. Finally, any retrospective study that uses
hospital discharge abstract coding data is subject to
error, such as inclusion of inappropriate cases in the
analysis.8 However, the algorithm used for identifi-
cation of the appropriate cases in this study was test-
ed in the authors’ institution and found to be accu-
rate. Underreporting of adverse outcomes is a more
important concern. Postoperative death is an objec-
tive endpoint that is unlikely to have been missed,
and the incidence of early death after hospital dis-
charge is sufficiently uncommon that one must
assume that our mortality data are reliable. On the
other hand, identifying all perioperative cerebral
infarctions can be more problematic. The ICD-9-
CM code 997.0, defined as central nervous system
complications resulting from procedure, was used to
estimate stroke incidence, as in previous work.8
Although it is unlikely that major strokes, especially
fatal infarctions, would have been missed, we recog-
nize the potential for relatively minor postoperative
neurologic events to be underreported. We did con-
firm the accuracy of this method of perioperative
stroke identification through an analysis of the indi-
vidual charts of patients who underwent CEA at the
Johns Hopkins Hospital in 1993 and 1994. The
anonymity of the MHSCRC database precluded our
ability to absolutely confirm the accuracy of the cod-
ing process in other Maryland hospitals. Therefore,
we cannot be certain that the remarkably low peri-
operative stroke rate of 1.7% noted in this study,
when compared with previous large analyses,37-39
did not reflect to some extent underreporting of
complications. Nevertheless, if one assumes that this
is a fundamental limitation of all large retrospective
analyses, it is not unreasonable to expect that previ-
ous studies using similar methods also may have
excluded some complications. Therefore, although
it is impossible to establish whether every periopera-
tive stroke that occurred during this interval has
been identified, and although it would be quite log-
ical to assume that some, albeit a small number, of
perioperative strokes may have not been captured,
our data clearly demonstrate a dramatic improve-
ment in outcome after CEA when compared with
similar, previous experiences.
CONCLUSION
Our data indicate that CEA has become an
exceptionally safe procedure in contemporary prac-
tice, even among the very elderly. Older individuals
may experience a longer LOS and higher hospital
charges associated with greater associated comorbid-
ity. Strategies to control the costs associated with
this operation appear to be succeeding in Maryland.
Further improvement in outcome and cost control
nationally may be gained by continuing to concen-
trate cases in high-volume institutions.
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Dr. Thomas S. Riles (New York, N.Y.). Dr. Perler and
his group have presented a very fine study. I have a few
points that I would like to make. They have surveyed the
results of carotid endarterectomy in their state of
Maryland as they have explained. To do this, they relied
on data from the Maryland Health Services Cost Review
Commission and used diagnostic and procedure codes to
select patients who underwent elective carotid surgery.
The codes chosen to select the patients for the study
excluded emergent carotid operations, combined carotid
coronary procedures, and, as I understand from the pre-
sentation, also staged carotid coronary procedures, and
transfers from other hospitals. To test these methods, they
did the pilot study at their own institution and found that
their algorithm successfully selected 114 of the 149
patients who had previously been identified as fulfilling the
criteria for inclusion. They then applied this algorithm
statewide.
My questions mostly relate to methods. The selection
process excluded 35, or 23.5%, of the carotid procedures
performed in the pilot study. Projected to the statewide
survey, only three quarters of the carotid operations per-
formed during this 6-year period would have been
reviewed. Can you assure us that bad outcome cases were
not eliminated from the study? When I asked this question
to people in my own medical records department, who
helped me review your paper, I found that in some cases
the codes for medical complications, such as pneumonia,
DISCUSSION
or procedure codes, such as tracheostomy, would super-
sede endarterectomy and carotid stenosis codes. If these
complications were associated with stroke and death, the
results may be favorably biased.
Second, I am curious to know whether the medical
complexity grading that you gave was a cause or a result of
the strokes?
Third, why was it necessary or desirable to exclude
transfer patients?
Four, some cases in the study were eliminated because
of miscoding. Could you elaborate on that and how seri-
ous of a problem you found this to be?
And fifth, would the results have been vastly different
if all carotid endarterectomies had been included?
With regards to the results, the authors have found
that complex cases had a higher incidence of perioperative
stroke and death, that older people stay in the hospital
longer, that hospitals that performed 10 or fewer carotid
procedures a year have more complications, and that the
patient’s age was not a factor in the outcome. Although
interesting, these results are not unexpected. To me, the
take-home message from this paper is the conclusion that
Dr. Perler gave us: elective carotid surgery in Maryland is
a safe procedure. These are remarkably good results for a
statewide survey of 48 hospitals. An operative stroke rate
of 1.7% and a mortality rate of 1.9% for elective carotid
surgery is commendable. Carotid endarterectomy in the
1990s is a low-risk procedure, and I suggest, as Dr. Perler
does, that these data, rather than Springfield data of the
1970s, be used as the benchmark for comparing new tech-
nology, specifically carotid stenting.
Dr. Bruce A. Perler. I appreciate Dr. Riles’ kind
comments and insightful questions. Let me say that we are
all indebted to Dr. Imparato, Dr. Riles, and their associates
in the NYU group for their leadership and many contri-
butions in the area of carotid surgery over the years. I
believe you asked five specific questions, and I will try to
respond in order.
The first question dealt with the important issue of
methods, and how we used our pilot study at the Johns
Hopkins Hospital to validate the accuracy of our case
selection algorithm. Our goal was to select only carotid
endarterectomy procedures performed as the primary and
solitary procedure. We felt that this was very important
because we wanted to analyze the economic as well as sur-
gical morbidity outcome. For example, including patients
who underwent a combined or staged coronary artery
bypass procedure might influence operative results
because of potential cardiac complications not related to
the carotid procedure. Obviously, we wanted to exclude
carotid-subclavian bypass procedures and intrathoracic
carotid reconstructions, as well. We initially searched a 2-
year database at Hopkins using code 38.12 and identified
149 cases, including a number of combined or staged
CEAs, hospital-to-hospital or intrahospital transfers, emer-
gency procedures, and coding errors. When we then
restudied this database and required that 38.12 be in the
primary position and also included codes 433. and DRG
5, only 114 of the 149 cases were identified, and all of
them were isolated, elective CEAs. We then reapplied this
algorithm to a previous 8-year database and identified 612
cases, of which only 468 were identified using the three-
code mechanism. We analyzed this subset and found that
all cases selected were, if fact, solitary, elective CEAs, and
furthermore that all solitary, elective CEAs performed
during this interval were identified by these three codes.
Although the number of referral hospitals and institutions
that perform cardiac surgery in the state is limited so that
the issue of hospital-to-hospital transfer and staged or
combined CEA and cardiac surgical procedures is proba-
bly a minor concern, we wanted to ensure that we were
studying elective CEAs and believe that our algorithm has
allowed us to do that.
Dr. Riles’ second question dealt with the medical com-
plexity issue. The medical complexity score is determined
by a proprietary software package of the Maryland Health
Services Cost Review Commission and is derived by a
stepwise quantitative and qualitative analysis of the
patient’s primary and secondary diagnoses. The medical
complexity score clearly defines the patient’s level of
comorbidity at the time of hospital admission, that is,
before operation.
Your third question was why we excluded transfers. As
I mentioned, we felt that including transfer patients would
have possibly added preoperative days to the length of stay
and cost analysis. To get a clearer picture of the current
length of stay and charges associated with CEA, we felt
that it was most reasonable to exclude these cases from the
analysis. In fact, I believe that there were only two such
cases in the Johns Hopkins database that were eliminated
by our algorithm, so I don’t think our approach influ-
enced the final results at all.
Fourth, the issue of potential miscoding is always a
concern when retrospectively reviewing a large insurance
code database. The Maryland database is maintained
anonymously so that patient and surgeon identity is pro-
tected. Therefore, we could only establish the validity of
coding by reviewing cases within our own institution. As I
mentioned previously, our pilot study, which included
more than 600 cases, demonstrated that by using the
three-code mechanism all of the selected cases in fact were
CEA procedures. We are making the fundamental assump-
tion that the other 47 hospitals in the state are as accurate
as the Hopkins administrative staff is at coding properly.
Because reimbursement is increasingly related to accurate
coding, in this difficult medical economic environment I
believe that this is a reasonable assumption to make.
Finally, you asked whether including all CEAs per-
formed in the state would have influenced the results, and
I think the short answer is clearly yes. We all recognize
that patients with unstable carotid disease who require
urgent or emergent operation have higher rates of periop-
erative morbidity. Likewise, patients who undergo com-
bined, and perhaps staged, carotid and cardiac surgical
procedures are at increased risk. Furthermore, including
these and other cases such as hospital-to-hospital and
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intrahospital transfers would have influenced the length of
stay and economic results. Our goal was to define the
operative morbidity and cost of this operation when per-
formed electively in contemporary practice, and I believe
we have achieved that goal.
Dr. James R. DeBord (Peoria, Ill.). It is easy to
understand a clear correlation between surgeon experience
and the results of carotid endarterectomy, but more diffi-
cult to understand the role of institutional volume and the
outcome. In this day and age when surgeons often work
at more than one hospital, it is certainly feasible that you
can have a high-volume, well-trained vascular surgeon per-
forming an endarterectomy in a low-volume hospital.
Were there any actual institutional issues that affected the
outcome of this operation other than the surgeon’s own
individual experience?
Dr. Perler. Well, I think you raise a very important
point. All of us recognize that hospitals don’t perform
surgery, surgeons perform surgery. Again, the anonymity
of the database is such that we couldn’t do this analysis in
a surgeon-specific fashion. I think one can reasonably
make the assumption that in hospitals at which high vol-
umes of carotid surgery are being performed, there are
surgeons there performing lots of procedures. In hospitals
in which carotid endarterectomy is very infrequently per-
formed, one is not usually going to find surgeons with a
high volume, although clearly one might find a very busy
carotid surgeon who performs a very small number of his
procedures at a so-called low-volume hospital on occasion.
Hospital volume in a sense is an indirect approximation of
surgical experience, and it’s the best we can do within the
limitations of this database. I think it is interesting that not
only were operative results poorer but charges were much
higher in our low-volume institutions.
Dr. Ronald L. Nath (Medford, Mass.). The implica-
tions of the paper are that the octogenarian group of
patients do poorly with carotid endarterectomy, with a
higher morbidity and mortality rate. You have correlated
this reasonably enough to medical complications, reflect-
ed in the medical severity index that you have developed.
On the other hand, it very well may be that the octoge-
narian group that has a lower medical severity or medical
complexity index do just as well as any of the other sub-
groups of lower age with the same index, and that those
younger age population patients with a medical complexi-
ty index of 4 actually do as poorly as the 80-year-old
patient with the same index. You’ve correlated the two,
however, and I would like to know whether you have been
able to subcategorize the 80-year-old patients with a lower
medical severity index, and do their mortality and mor-
bidity data correlate well with the healthier patients in the
younger age group?
Dr. Perler. I hope there is no confusion with respect
to the influence of age on outcome. Our results convinc-
ingly demonstrate that this operation may be as safely per-
formed on octogenarians and nonagenarians as on
younger individuals. Age per se is not an important pre-
dictor of operative stroke and mortality rates, although the
level of comorbidity, as defined by the medical complexity
score in this study that you referred to, clearly is an impor-
tant predictor. In fact, the results of this statewide analysis
confirm the results of previous studies from the Johns
Hopkins Hospital with respect to the safety of carotid
endarterectomy in the elderly.
On the other hand, length of hospital stay and charges
do increase with advancing age. Although our elderly
patients tolerate the surgery with a level of major compli-
cations comparable with that of their younger counter-
parts, not infrequently the hospital discharge might be
slightly delayed because of minor complications or social
issues more often seen in the older cohort than in the typ-
ical 65-year-old patient. I believe this observation should
be borne in mind as we develop critical pathways and work
to establish proper levels of reimbursement for this patient
population.
In closing, let me just reiterate my own belief that
advanced age should not be viewed as a contraindication
to CEA, but in view of the prevalence of cerebrovascular
disease in this patient population a marker of those who
can most benefit from its performance. We have made this
argument on the basis of our results at Johns Hopkins and
can now support that premise with data derived across a
broad spectrum of contemporary clinical practice.
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